Introduction
============

Osteosarcoma (OS) is a kind of malignant bone tumor that occurs frequently in the region surrounding the knee joint [@B1]. With high rates of local invasion and early metastasis, osteosarcoma leads to disability in many adolescents as well as death. Cisplatin, cyclophosphamide, methotrexate, and Adriamycin have been used for chemotherapy in OS patients, improving the 5-year survival rate in patients from 10% to 70% [@B2]. However, since the 1970s, there has been no change in the survival of patients [@B3]. As a result, a comprehensive understanding of the biological processes in OS and the factors that contribute to its progression is necessary, and potential therapeutic targets should be identified in clinical research.

Coactivator-associated arginine methyltransferase 1 (CARM1) is a type I arginine methyltransferase involved in autophagy [@B4], DNA repair [@B5], mRNA decay [@B6], and epigenetic regulation [@B7]. It is a member of the PRMT protein family and acts as an oncogene in lung cancer [@B8], breast cancer [@B9], and colorectal cancer [@B10]. In breast cancer, CARM1 methylates SWI/SNF to activate the c-Myc pathway and enhances breast cancer progression and metastases [@B9]. Overexpression of CARM1 is correlated with poorly characterized clinicopathologic parameters and molecular subtypes [@B11]. CARM1 deregulates β-catenin to increase colorectal cell growth and is associated with the development of prostate cancer [@B10]. It also has been shown that CARM1 can act as a coactivator of transcription factors other than nuclear receptors, such as p53 [@B12], NF-κB [@B13], and Cyclin E1 [@B14]. However, the effects of CARM1 in OS are not yet known.

The β-catenin/cyclinD1 pathway is an important signaling pathway involved in proliferation and differentiation [@B15]. Initially, β-catenin was discovered as a component of cell-cell adhesive junctions regulated by adenomatous polyposis coli and glycogen synthase kinase-3β (GSK3β) [@B16]. When Wnt signaling is absent, β-catenin is phosphorylated by GSK-3β and CK1 complexes. Phosphorylated β-catenin tends to be multi-ubiquitinated and then degraded in proteasomes [@B17]. When Wnt signaling is present, GSK-3β activity is inhibited, and the degradation of β-catenin is blocked [@B17]. β-catenin accumulates in the cytoplasm and is then translocated into the nucleus [@B18], where it activates Wnt target genes together with various transcriptional repressors or activators, including the cell cycle regulators MYC and cyclinD1, which are important for cancer development [@B19].

In this study, we first found that the overexpression of CARM1 is associated with the Enneking stage of OS. The knockdown of CARM1 expression decreased proliferation and affected the cell cycle in OS cell lines. Most importantly, we found that the knockdown of CARM1 could downregulate the activity of GSK3β and decrease the expression of β-catenin and cyclinD1. Therefore, CARM1 could affect Wnt signaling to promote OS proliferation. It may be a novel target for OS treatment.

Results
=======

CARM1 was overexpressed in osteosarcoma cells and was associated with the Enneking stage
----------------------------------------------------------------------------------------

First, we analyzed *CARM1* mRNA expression and protein expression profiles in the osteoblast cell line hFob and OS cell lines (MNNG/HOS, U2OS, and MG63). Relative to the hFob cell line, CARM1 was obviously overexpressed in OS cell lines (Figure [1](#F1){ref-type="fig"} A,B). To examine the expression of *CARM1* mRNA in fresh osteosarcoma patient samples, we collected 20 pairs of primary tumor samples and adjacent non-tumor tissues. Based on a qRT-PCR analysis, *CARM1* expression was remarkably higher in tumor tissues (70%) than in control tissues (Figure [1](#F1){ref-type="fig"} C, D). To further determine the clinicopathological significance of *CARM1* in OS, we performed an immunohistochemical analysis of *CARM1* in OS tissues, including 79 paired OS tissues and adjacent non-tumor tissues. A representative image of OS tissues and adjacent non-tumor tissues is shown in Figure [1](#F1){ref-type="fig"} E. Microscopic observations indicated that *CARM1* is expressed in the cytoplasm and nuclei of OS cells (Figure [1](#F1){ref-type="fig"} E). Positive *CARM1* expression was more frequent in osteosarcoma tissues (Figure [1](#F1){ref-type="fig"} F) with high Enneking stages, and negative *CARM1* expression was more common for low Enneking stages (P \< 0.05) (Table [1](#T1){ref-type="table"}). However, no significant differences in *CARM1* expression were observed with respect to patient gender, age, tumor location, or histological classification (Table [1](#T1){ref-type="table"}).

Depletion of CARM1 reduced in vitro tumor growth
------------------------------------------------

To examine the role of CARM1 in tumor development, we used siRNA targeting CARM1 to downregulate CARM1 expression. qRT-PCR and immunoblotting analyses showed greater than 60% efficiency in the reduction of endogenous CARM1 protein levels when β-actin was used as the internal standard (Figure [2](#F2){ref-type="fig"}A-C). Cell proliferation was evaluated using a CCK8 assay, which showed that the inhibition of CARM1 suppressed the proliferation of MNNG/HOS, U2OS, and MG63 cells (Figure [2](#F2){ref-type="fig"}D-F). A colony forming assay was also used as a direct method to detect the proliferation ability of cells. We found that the number of colony forming units was significantly reduced by more than 50% after transfect si-CARM1 in OS cell lines (Figure [2](#F2){ref-type="fig"}G-I). These data demonstrate that CARM1 is involved in regulating the proliferation of OS cancer cells. However, migration and invasion were not affected in MNNG/HOS cells (Figure [S1](#SM1){ref-type="supplementary-material"}).

Downregulation of CARM1 expression prolonged the S phase in OS cells
--------------------------------------------------------------------

The effects of CARM1 levels on the cell cycle were investigated by flow cytometry. The cell cycle of OS cell lines was compared before and after CARM1 knockdown. The cell populations in S-phase were 39.6 ± 2.0%, 56.1 ± 2.1%, and 48.1 ± 0.9% for negative control siRNA (si-NC)-transfected MNNG/HOS, U2OS, and MG63, and 45.6 ± 1.765%, 68.5 ± 4.6%, and 68.76 ± 2.6% in si-CARM1-transfected MNNG/HOS, U2OS, and MG63 cell lines (Figure [3](#F3){ref-type="fig"}). These results showed that the S phase was significantly prolonged after transfection with si-CARM1 in OS cell lines (P \< 0.05).

An antibody array indicated that Erk1/2(Thr202/Tyr204), PARS40 (Thr246), GSK3β (Ser9) are affected by CARM1
-----------------------------------------------------------------------------------------------------------

To further characterize the mechanism by which CARM1 promotes OS cell proliferation, we used a signaling array kit to detect phosphorylation at 18 sites after transfection with si-NC and si-CARM1 in MNNG/HOS and U2OS cells (Figure [4](#F4){ref-type="fig"}A, B). The array was analyzed using image analysis software. Erk1/2 (Thr202/Tyr204), AKT (Ser473), PARS40 (Thr246), GSK3β (Ser9) exhibited obvious differences between si-NC and si-CARM1-transfected MNNG/HOS cells (Figure [4](#F4){ref-type="fig"}C), and Erk1/2 (Thr202/Tyr204), AMPKα (Thr172), PARS40 (Thr246), and GSK3β (Ser9) differed in U2OS cells. Accordingly, 3 phosphorylation sites (Erk1/2, PARS40, and GSK3β) differed in both MNNG/HOS and U2OS cells (Figure [4](#F4){ref-type="fig"} D).

CARM1 promoted OS proliferation via pGSK3β/β-catenin/cyclinD1 signaling
-----------------------------------------------------------------------

We next examined the exact signaling molecules that contribute to the effects of CARM1 on OS cell proliferation. After siRNA-mediated silencing of CARM1 expression, a western blot assay showed that Erk1/2 (Thr202/Tyr204) and PARS40 (Thr246) expression did not decreased (Figure [S2](#SM1){ref-type="supplementary-material"}), but the band intensity for pGSK3β (Ser9) decreased by more than 50% compared with expression in control cells. The total GSK3β protein levels were not affected by the silencing of CARM1 expression, but expression levels of β-catenin in nucleus and cyclinD1 decreased substantially in MNNG/HOS (Figure [5](#F5){ref-type="fig"}A) and U2OS cells (Figure [5](#F5){ref-type="fig"}B). A previous study showed when GSK-3β is inhibited in Wnt signaling, β-catenin accumulates in nuclei to target cyclinD1, thereby influencing cell cycle [@B19]. Wnt signaling has been reported to affect neoplasm growth in OS [@B37]. pcDNA-β-catenin was used to recover the expression of nucleus-β-catenin in si-CARM1 targeted OS cell lines (Figure [S3](#SM1){ref-type="supplementary-material"} A, B), and then we found that overexpression of β-catenin could rescue the proliferation of si-CARM1 targeted OS cell lines (Figure [S3](#SM1){ref-type="supplementary-material"} C, D). Therefore, these data show that pGSK3β/β-catenin/cyclinD1 signaling is crucial in the process of CARM1-mediated OS cell proliferation.

Discussion
==========

OS is a common malignant bone tumor that often occurs in teenagers. It can grow rapidly and result in lung metastasis in the early stage. Our research was focused on the identification of oncogenes that can be used as therapeutic targets in OS.

Previous studies have shown that CARM1 methylates substrates involved in transcription processing [@B20], glutamine metabolism [@B21], and epigenetic transcriptional regulation [@B22]. CARM1-knockout mice die during late embryonic development or immediately after birth [@B24]. Therefore, we believe that CARM1 is a crucial gene in biological processes. At the cellular level, CARM1 plays a complex role in controlling gene expression, with targets that regulate transcription (p300), DNA packaging (histone H3), and mRNA stability and translation (PABP1) [@B24]. CARM1 is overexpressed in many cancers and is associated with proliferation and metastasis. CARM1 can transactivate many cancer-associated transcription factors, including p53 [@B12], E2F1 [@B23], androgen receptor [@B25], and ERα [@B26]. Frietze et al. reported that CARM1 can improve estrogen-stimulated breast cancer cell proliferation via the upregulation of E2F1 [@B23]. A reported that CARM1 binds to the C terminus to affect p53 function [@B12]. However, the role of CARM1 in OS is not known.

In this study, we examined the physiological function of CARM1 in OS as well as the underlying mechanisms. First, we found that CARM1 is unequivocally overexpressed in OS cell lines and tissues in comparison with corresponding non-tumorous tissues by RT-PCR. Then, we examined CARM1 expression in OS tissues and adjacent normal tissues from 79 patients by immunohistochemistry, and found that CARM1 is overexpressed in tumor tissues and the expression level was related to the histologic grade and Enneking stage of OS tissues. To determine the exact function of CARM1 in OS, we used CARM1-targeted siRNA to interfere with CARM1 expression in OS cell lines. Based on CCK-8 and colony-forming assays, we found that the knockdown of CARM1 significantly reduced the OS cell proliferation. This result is similar to those of studies on hepatocytes [@B27], lung cancer [@B28], and colorectal cancer [@B29], indicating that CARM1 may be an oncogene involved in proliferation and cell processes. The si-CARM1-treated OS cells exhibited a large S phase population. However, decreased expression of CARM1 in MNNG/HOS cells did not influence migration and invasion (Figure [S1](#SM1){ref-type="supplementary-material"}).

To determine the mechanism by which CARM1 promotes the proliferation of OS cells, a PathScan (®) Intracellular Signaling Array Kit (Fluorescent Readout) was used to detect changes in signaling molecules in MNNG/HOs and U2OS cells before and after CARM1 knockdown. The phosphorylation levels of Erk1/2 (Thr202/Tyr204), PARS40 (Thr246), and GSK3β (Ser9) were downregulated in si-CARM1-treated MNNG/HOS cells and U2OS cells. These results suggested that CARM1 knockdown in OS cells inhibits proliferation via Erk1/2 (Thr202/Tyr204), PARS40 (Thr246), or GSK3β (Ser9) activation. Furthermore, using western blotting, we found that the band intensities of Erk1/2 (Thr202/Tyr204) and PARS40 (Thr246) did not decrease according to the expression of CARM1. However, the band intensities of pGSK3β (Ser9) was significantly downregulated after CARM1 knockdown.

GSK3β is a critically important kinase that phosphorylates and regulates many signaling proteins and transcription factors. Boyle et al. reported that the activation of protein kinase C decreases phosphorylation at sites that are negatively regulated by GSK3β, resulting in increased AP-1 activity [@B30]. Pulverer et al. reported that myc is negatively regulated by GSK3β-mediated phosphorylation of Thr-58 and Ser-62, resulting in decreased cell growth and transformation [@B31]. Serine and tyrosine phosphorylation regulate the activity of GSK3β. The phosphorylation of Ser9 of GSK3β results in decreased GSK3β activity [@B32]. In this study, we found that the knockdown of CARM1 expression could decrease the expression of pGSK3β (Ser9), but the total GSK3β expression did not change. According to a previous study, β-catenin is crucial for cell proliferation [@B33], cell apoptosis [@B34] and tumorigenesis [@B35]. β-catenin could also be activated in OS, playing an important role in tumor proliferation [@B36] and epithelial-to-mesenchymal transition [@B37]. GSK3β could be involved in the phosphorylation of β-catenin to active the E3 ubiquitin ligase subunit β-Trcp, which targets beta-catenin for proteasomal degradation [@B38]. The phosphorylation of GSK3β leads to GSK3β inactivation, resulting in β-catenin accumulation and promoting translocation to the nucleus [@B39]. Additionally, β-catenin accumulates in the nucleus to promote cyclinD1 expression, thereby affecting cell proliferation and the cell cycle [@B16]. We extracted the nuclear protein for western blotting. The result confirmed that β-catenin expression was decreased when CARM1 was knocked down in MNNG/HOS and U2OS cells, consistent with previous results obtained using colorectal cancer [@B29] and prostate cancer cells [@B10]. Our results suggest that CARM1 could inactivate GSK3β, resulting in the activation of β-catenin/cyclinD1 signaling to promote OS cell proliferation. There are some possible mechanisms between CARM1 and GSK3β phosphorylation. The first hypothesis is as follows. CARM1 has been confirmed to interact with PELP1 [@B41]. According to another previous study, PELP1 could enhance the phosphorylation of GSK3β and further activate beta-catenin signaling [@B42]. So we conclude that CARM1 may interact with PELP1 to activate pGSK3β/β-catenin signaling pathway. Secondly, PRMT1 could methylate Axin to enhance the interaction of Axin and GSK3β and then active the Wnt signaling [@B43]. CARM1 and PRMT1 were both members of PRMT family. So CARM1 may promote the phosphorylation of GSK3β through its interaction with PRMT1. However, the exact mechanism by which CARM1 is involved in the phosphorylation of GSK3β requires further investigation.

Materials and Methods
=====================

Cell lines and cell culture
---------------------------

The human osteosarcoma cell lines MNNG/HOS, U2OS, and MG63 were maintained in Dulbecco\'s Modified Eagle Medium or RPMI-1640 supplemented with 10% (v/v) fetal bovine serum (Gibco BRL, Gaithersburg, MD, USA), 100 U/mL penicillin (Sigma-Aldrich, St. Louis, MO, USA), and 100 mg/mL streptomycin (Sigma-Aldrich). All cell lines were incubated at 37°C in a humidified incubator with 5% CO~2~.

Clinical data and tumor specimen collection from patients with osteosarcoma
---------------------------------------------------------------------------

A total of 79 tumor tissues and adjacent non-tumor tissues were collected from OS patients after surgery at Shanghai Jiao Tong University Affiliated Sixth People\'s Hospital from 2013 to 2015. The tissues were fixed in 10% formalin and embedded in paraffin after resection. All human samples were collected after informed, written consent was obtained in accordance with the Helsinki guidelines. The study was approved by the Ethics Committee of the Shanghai Jiao Tong University Affiliated Sixth People\'s Hospital (YS-2016-064; February 24, 2016).

RNA isolation and qRT-PCR assay
-------------------------------

Total cellular RNA was extracted using TRIzol (Invitrogen, Carlsbad, CA, USA). The NanoDrop 2000 (Thermo Fisher Scientific, Waltham, MA, USA) was used for RNA quantification. The PrimeScript RT Reagent Kit (TaKaRa Biotechnology, Shiga, Japan) was used to transcribe RNA into cDNA. The primer sequences were as follows: CARM1 Forward: CGCCCTCTACAGCCATGAAG, Reverse: ACTGGATGAGGACGCTGTTG; β-actin: Forward: TTGTTACAGGAAGTCCCTTGCC, Reverse: ATGCTATCACCTCCCCTGTGTG. Quantitative real-time PCR was performed using the Applied Biosystems 7500 Real-Time PCR System (Applera Deutschland, Darmstadt, Germany).

Transfection
------------

Cell culture was performed on 6-well plates until MNNG/HOS grew to 60% confluency. Cells were then transfected for 6 h with si-RNA or pcDNA-β-catenin specific to either MG63 or U2OS (both at 50 nM) using Lipofectamine 2000 (Invitrogen) according to the manufacturer\'s instructions. The CARM1 siRNA and the negative Control siRNA was provided by Ribobio (Guangzhou, China). The pcDNA-β-catenin was provided by GENEWIZ (Suzhou, China).

Colony formation assay and cell cycle assay
-------------------------------------------

The si-NC- and si-CARM1-transfected cells were counted using a cell counter. They were then plated at a density of 1 × 10^3^ cells/well in 6-well plates. After 12 days, the cells were washed with phosphate-buffered saline 2 times, fixed with methanol for 30 min, and stained with 0.1% crystal violet solution for 10 min. Visible colonies were counted. The cell cycle was analyzed using ModFit software (BD Biosciences) 48 h after transfection with si-NC and si-CARM1.

Cell proliferation analysis using the Cell Counting Kit-8
---------------------------------------------------------

Cells treated with siRNA targeting *CARM1* (si-CARM1) and negative control (si-NC) were plated at a density of 3 × 10^3^ cells/well in 96-well plates. At the indicated time points after transfection or treatment, 10 μL of CCK-8 solution (Dojindo Molecular Technologies, Kumamoto, Japan) was added to 90 μL of culture medium. The cells were subsequently incubated for 1 h at 37°C and the optical density was measured at 450 nm. Three independent experiments were performed.

Western blotting to detect antibody expression
----------------------------------------------

Protein was extracted, separated by 8% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and transferred to nitrocellulose membranes, followed by incubation with the appropriate concentration of various antibodies. The antibodies were as follows: anti-CARM1 (ab128851, NOVUS, NB200-342); anti-GSK3β (\#9315; CST, Danvers, MA, USA), anti-GSK3β (ab75814; Abcam), anti-β-catenin (\#9562; Santa Cruz Biotechnology, Santa Cruz, CA, USA), anti-cyclinD1 (ab134175; Abcam), anti-PRAS40 (ab214100; Abcam), anti-ERK1/2(ab214362; Abcam), anti-Lamin B1 (\#12586; CST), anti-rabbit IgG (Sigma-Aldrich), or anti-mouse IgG (Sigma-Aldrich).

Immunohistochemistry (IHC)
--------------------------

Paraffin-embedded OS tissue sections were warmed in a 90°C dryer for 30 min. They were dewaxed in xylene for 15 min and washed with absolute ethyl alcohol and double distilled water with 0.3% hydrogen peroxide for 30 min to rinse the immunoperoxidase. Protein Block was used to incubate the tissue sections for 30 min to minimize nonspecific staining. CARM1 antibody was added to the tissues, followed by incubation at room temperature for 1 h. Counterstaining (ab128990; Abcam) was performed and samples were incubated for 30 min. A microscope assay was used to estimate the expression level of CARM1 according to the following scale: 0 (0-5%), 1 (6-25%), 2 (26-50%), 3 (51-75%), or 4 (\>75%). Scores of 0 (0-5%) and 1 (6-25%) were considered negative, and scores of 2 (26-50%), 3 (51-75%), and 4 (\>75%) were considered positive. For IHC staining score, 10 different optical fields were selected randomly. Each sample was evaluated by 3 different pathologists and a double-blind method was used.

Statistical analysis
--------------------

All numerical data are presented as means ± standard error and figures were obtained using GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). Data analyses were performed using SPSS 16.0 (IBM Corporation, New York, NY, USA). The relationship between CARM1 and Enneking stage was determined by Pearson\'s chi-squared test with continuity correction. *P* \< 0.05 was considered statistically significant.

Conclusion
==========

In this study, we first determined that*CARM1* is overexpressed in OS cells and clinical tissue samples. CARM1 can promote proliferation and affect the cell cycle of OS cells. The novelty of this report is the analysis of the proximal mechanisms underlying the role of CARM1 in OS. Specifically, we found that CARM1 affects the phosphorylation of GSK3β to active β-catenin/cyclinD1 signaling. Many current gene therapy strategies are focused on beta-catenin/cyclinD1 signaling [@B40]. Accordingly, CARM1 is a potential new target for OS treatment.
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![CARM1 was overexpressed in OS cell lines and clinical tissue samples. (A) The expression of *CARM1* in the human osteoblastic cell line hFob and OS cell lines (MNNG/HOS, U2OS, and MG63) was examined by qRT-PCR. (B) Western blotting showed the CARM1 was overexpressed in OS cells in comparison to hFob cells. (C) qRT-PCR showed that *CARM1* was overexpressed in OS tissues in comparison with corresponding non-tumorous tissues obtained from 20 OS patients. (D) The mRNA expression level of *CARM1* was higher in 70% of OS tissues compared to the corresponding non-tumorous tissues. (E) A representative image of immunohistochemical results for paraffin-embedded human OS tissues and the corresponding non-tumor tissues using a CARM1 antibody. (F) Based on an immunohistochemical analysis, in 67.09% of patients, CARM1 expression was higher in OS tissues than in the corresponding non-tumor tissues. The "\*\*" was indicated a significant difference (*P*\<0.01) in the figures.](ijbsv13p0976g001){#F1}

![Downregulation of the expression of CARM1 suppressed the proliferation of OS cells. The mRNA and protein expression levels of CARM1 were inhibited by si-CARM1 in the MNNG/HOS (A), U2OS (B), and MG63 (C) cell lines. Cell growth was detected by a CCK-8 assay. A significant reduction in CARM1 inhibited cell growth in the MNNG/HOS (D), U2OS (E), and MG63 (F) cell lines. The number of colony-forming units decreased when the MNNG/HOS (G), U2OS (H), and MG63 (I) cell lines were transfected with si-CARM1. The "\*" was indicated a significant difference (*P*\<0.05) in the figures.](ijbsv13p0976g002){#F2}

![The cell cycle was arrested in S phase when CARM1 expression was reduced in MNNG/HOS (A), U2OS (B), and MG63 (C). The results show that the percentage of S phase cells (*P* \< 0.05, n = 3) increased significantly after transfection with si-CARM1 in the MNNG/HOS, U2OS, and MG63 cell lines.](ijbsv13p0976g003){#F3}

![MNNG/HOS and U2OS cells were grown to 80% confluency and were then serum-starved overnight. Cells were either transfected with si-NC or si-CARM1 after 48 h. A PathScan Intracellular Signaling Array Kit (Fluorescent Readout; \#7744) was using to analyze the protein extracted from cells. (A) Panel A summarizes the protein expression results for si-NC and si-CARM1 transfection of MNNG/HOS cells. (B) Panel B shows the protein expression results for si-NC- and si-CARM1-transfected U2OS cells. Images were acquired using the LICOR Bio-science® Odyssey® Image System. (C) Expression levels of Erk1/2 (Thr202/Tyr204), Akt (Thr308), PARS40 (Thr246), and GSK3β (ser9) were significantly reduced after si-CARM1 transfection in MNNG/HOS cells. (D) Expression levels of Erk1/2 (Thr202/Tyr204), AMPKα (Thr172), PARS40 (Thr246), GSK3β (ser9) clearly changed after the downregulation of CARM1 expression in U2OS cells.](ijbsv13p0976g004){#F4}

![Western blotting results showed that pGSK3β/β-catenin/cyclinD1 signaling was involved in the process by which CARM1 promotes the proliferation of OS cells. (A) The downregulation of CARM1 expression in MNNG/HOS did not affect GSK3β and pGSK3β, β-catenin, and cyclinD1 were simultaneously downregulated. (B) The gray value of GSK3β was unchanged and the gray values of pGSK3β, β-catenin, and cyclinD1 decreased when the expression of CARM1 was reduced in U2OS cells.](ijbsv13p0976g005){#F5}

###### 

Relationship between CARM1 IHC results and clinical information for 79 OS patients.

  Variables                     CARM1 expression(N)                                          
  ----------------------------- --------------------- ------- ---------- ---------- -------- ----------
                                                      Total   Negative   Positive   X\^2     P-values
  Gender                        Male                  46      15         31         2.031    0.154
  Female                        33                    16      17                             
  Age                           ≤20                   47      18         29         0.043    0.835
  \>20                          32                    13      19                             
  Tumor location                Femur                 37      20         17         8.862    0.065
  Tibia                         21                    7       14                             
  Humerus                       12                    1       11                             
  Fibula                        5                     2       3                              
  Others                        4                     1       3                              
  Tumor Necrosis Rate           ≥90%                  45      17         28         0.094    0.759
  \<90%                         34                    14      20                             
  Histological classification   Osteoblastic          29      12         17         2.461    0.292
  Chondroblastic                28                    8       20                             
  Others                        22                    11      11                             
  Histological grade            Ⅰ                     12      10         2          11.538   0.001
  Ⅱ/Ⅲ                           67                    21      46                             
  Enneking stage                Ⅰ                     11      9          2          9.818    0.007
  Ⅱ                             60                    19      41                             
  Ⅲ                             8                     3       5                              
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